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(54) CARBON FILM-COATED PLASTIC CONTAINER MANUFACTURING APPARATUS AND 
METHOD 



(57) This apparatus is provided with an outer hollov^^ 
electrode (12) formed so as to house a container (20) 
therein and having a hollow which has a cross-sectional 
shape substarrtially similar to that of the container, an 
outer electrode insulating plate (1 1) which a mouth por- 
tion of the container contacts when the container is 
housed in the hollow of the outer electrode, an inner 
electrode (16) inserted from the mouth portion of the 
container, which is housed in the hollow of the outer 
electrode, into the interior thereof, a gas discharge 
means communicating with the hollow of the outer elec- 
trode and adapted to discharge the gas from the same 
hollow, a means for supplying a raw material gas to the 
interior of the container housed In the hollow of the outer 
electrode, and a high-frequency power source (14) con- 
nected to the outer electrode, the container being 
housed in the hollow of the outer electrode with the 
outer electrode insulated by the insulating member, the 
inner electrode being inserted into the container and 
grounded, the interior of the hollow of the outer elec- 
trode being evacuated, a raw material gas being sup- 
plied to the Interior of the container housed in the same 
hollow, a carbon film coating operation being then car- 
ried out with a high-frequency wave applied to the outer 
electrode. 



FIG. 1 
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Description 

TECHNICAL FIELD 

This Invention relates to an apparatus for and a 
method of manufacturing a plastic container, the inner 
surface of which is coated with a hard carbon film. 

BACKGROUND ART 

In general, plastic containers are widely used as 
packaging materials in various kinds of fields such as a 
food field and a medicine field because plastic contain- 
ers have various benefits which are easy to mold, tight 
in weight and low in cost. However, as is well known, 
plastic permits low molecular gas, such as oxygen and 
carbon dioxide, to permeate therethrough, and further- 
more, plastic sorbs (i.e., both of absorption and adsorp- 
tion occur simultaneously) inside therein low molecular 
organic compound, namely, low molecular organic com- 
pound infiltrates into the plastic composition and dif- 
fuses therein in such a manner that the low molecular 
organic compound Is absorbed inside the plastic. 
Therefore, plastic containers are restricted in many 
aspects to specific objects and forms in use in compari- 
son with other containers such as a glass container. 

For exanple. in case that a carbonated beverage 
such as beer is filled into a plastic container, oxygen in 
the atmosphere permeates the wall of the plastic con- 
tainer to reach inside the plastic container, thus gradu- 
ally oxidizing and deteriorating the beverage contained 
therein. In addition, carbon dioxide gas in the carbon- 
ated beverage permeates, in reverse, the wall of the 
plastic container and is released off toward outside, 
thus the carbonated beverage loses its savor. 

Further, in case that beverages having aroma com- 
ponent such as orange juice are filled into a plastic con- 
tainer, aroma component (such as limonene in the case 
of the orange juice) which Is a low molecular organic 
compound is sorbed inside the plastic. Consequently, 
chemical composition of the aroma components in the 
beverages may lose Its balance to deteriorate the bever- 
ages in quality. 

In addition, a plastic container may have a problem 
that low molecular compound contained in the plastic 
container dissolves in a liquid content contained In the 
container. More specifically, in case that content (espe- 
cially, liquid) requiring a high purity is filled into the con- 
tainer, plasticizer, residual monomer or other additives 
dissolves out of the container into the liquid content, 
thus deteriorating purity of the content. 

Furthermore, at present, how the large numbers of 
the used containers are to be treated has become a 
social issue, and collecting the used containers for the 
sake of recycling of the resources Is In progress. How- 
ever, when the used plastic containers are to be used as 
the recycled containers, if the used plastic containers 
are left in the environment before being collected, vari- 
ous low molecular organic conrtpounds such as mold 



odor is sorbed in the plastic container, unlike glass con- 
tainers. The low molecular organic compound thus 
sorbed in the container remains in the plastic even after 
being washed. Therefore, thus sorbed low molecular 
5 organic compound gradually dissolves out of the plastic 
into the content in the plastic container as impurity, 
thereby deteriorating the content in quality and causing 
a hygienic problem. This results in that the plastic con- 
tainers can be hardly used as returnable containers, 
10 namely, the containers collected to be reused. 

In order to suppress the above-mentioned features 
of the plastic, namely, the feature of permitting low 
molecular gas to permeate therethrough or the feature 
of sorbing low molecular organic compound therein. 
15 crystals in the plastic have been oriented to enhance 
crystallinity or thin sheets of plastic having a lower sorp- 
tion or thin films of aluminum have been laminated. In 
either methods, however, problems of gas barrier prop- 
erty and the sorption of low molecular organic com- 
20 pound cannot be perfectly solved while maintaining the /' "j 

basic properties of the plastic container. 

Recentiy. there has appeared a thin film forming 
technology for a DLC (Diamond like carbon) film and it 
is known that laboratory tools such as beakers and 
25 flasks are coated with the DLC film. The DLC film com- 
prises amorphous carbon including mainly SP^ t)ond 
between carbons. The DLC film is a hard carbon film 
which is very hard, and has a good insulation, a high 
index of refraction and a smootii morphology. 
30 Japanese Patent Provisional Publication No. 2- 
70059 discloses an example in which the DLC film form- 
ing technology Is applied to laboratory tools for coating 
thereof. An apparatus for forming the DLC film disclosed 
in the afcx5ve publication comprises the followings. As 
35 shown in FIG. 16, a cathode 2 is disposed in a reaction 
chamber 1 having an inlet 1 A for carbon resource gas 
which generates cafbon or is converted to carbon and 
an outiet 1 B, and a laboratory tool 3 such as a beaker is 
accommodated in a space 2A formed in the cathode 2. 
40 The reaction chamber 1 is decompressed by discharg- v J 

ing air from the outlet IB after an earthed anode 4 is 
inserted into an Inner space of the laboratory tool 3. 
After the carbon resource gas is led into the reaction 
chamber 1 from the inlet 1A. a high frequency is 
45 Impressed on the cathode 2 from a high frequency 
power source 5 to excite the cartx}n resource gas. thus 
generating plasma to form the DLC film on the surfaces 
of the laboratory tool 3. 

However, in tine above DLC film forming apparatus, 
50 the reaction chamber 1 accommodates the cathode 2 
and the anode 4. so that the volume of the reaction 
chamber 1 Is remarkably large in comparison with that 
of the laboratory tool 3 to be coated. Therefore, it 
causes wastes of time and energy for a vacuum opera- 
55 tion of the reaction chamber. Furtiiermore. since the film 
forming speed (rate) in the above DLC film forming 
apparatus is 10 to 1000A per minute, which speed is 
slow, there is a problem in which it is difficult to continu- 
ously form the film at a low cost. 
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The conventional DLC film forming apparatus 
described above Is applied to laboratory tools such as 
beakers and flasks so as to mainly further increase their 
qualities, so that the manufacturing cost and time 
thereof is not much considered. However, containers 5 
used for beverages such as beer and orange juice must 
be manufactured In large quantities at low cost. Accord- 
ingly, the DLC film forming apparatus cannot be applied 
to the containers used for beverages. 

In the above DLC film forming apparatus, since the 10 
carbon resource gas moves into the space between the 
inner surface of the cathode 2 and the outer surface of 
the Iat>oratory toot 3 to be coated, it is impossible to coat 
only the inner surface of the laboratory tool 3. 

Containers for beverages are often collided and is 
weared with each other in a manufacturing process In a 
factory or a selling process in a selling route, unlike the 
laboratory tool such as a beaker and a flask. Therefore, 
in case that the DLC film Is formed on the outer surface 
of a container for beverages, the DLC film itself is dam- 20 
aged to decrease the value of merchandise of contain- 
ers because the film is thin and hard. Accordingly, It is 
required that the DLC film is formed only on the inner 
surface of the container 

This invention is made to overcome the above-men- 25 
tioned conventional problems. More specifically, it is an 
object of this invention to provide an apparatus and a 
method for manufacturing a plastic container coated 
with carbon film which can solve the problems of gas 
barrier property and sorption inherently owned by the 30 
plastic while maintaining basic properties of plastic, 
which can be returnably used to extend the fields and 
the forms in which plastic containers can be used, which 
can be continuously manufactured at a low cost, and 
which is not damaged during handling of the containers. 35 

DISCLOSURE OF INVENTION 

In order to attain the above object, an apparatus of 
the invention for manufacturing a plastic container 40 
coated with carbon film, which comprises: an external 
electrode having a hollow space approximately similar 
to an external shape of the container which is accom- 
modated in the hollow space; an insulating member for 
insulating the external electrode, a mouth of the con- 45 
tainer abutting against the insulating member when the 
container is accommodated in the hollow space of the 
external electrode: an internal electrode inserted 
through the mouth of the container into the container 
accommodated in the hollow space of the external elec- so 
trode. the internal electrode being earthed: discharging 
means communicated with the hollow space of the 
external electrode to discharge air in the hollow space; 
feeding means for feeding raw gas into the container 
accommodated in the hollow space of the external elec- ss 
trode; and a high frequency electric source connected 
to the external electrode. 

In addition, an apparatus of the invention for manu- 
facturing a plastic container coated with carbon film. 



which further comprises: the internal electrode has an 
external shape approximately similar to a shape of an 
inner surface of the container accommodated in the hol- 
low space of the external electrode, the internal elec- 
trode has at least one blowing opening for blowing raw 
gas fed by the feeding means into the container accom- 
modated In the hollow space in the external electrode, a 
plurality of the blowing openings are formed on the inter- 
nal electrode, and the insulating member has at least 
one groove to communicate a space formed between 
an inner surface of the external electrode and an outer 
surface of the container with an interior of the container 
when the mouth of the container accommodated in the 
hollow space of the external electrode abuts against the 
insulating member. 

In addition, in order to attain the above object, a 
method of the invention of manufacturing a plastic con- 
tainer coated with carbon film, which comprises: provid- 
ing. In an external electrode, a hollow space 
approximately similar to an external shape of a con- 
tainer, in which hollow space the container is accommo- 
dated: insulating the external electrode by an insulating 
member on which a mouth of the container abuts: 
inserting an internal electrode through the mouth of the 
container Into the container accommodated in the hol- 
low space, the internal electrode being earthed; [dis- 
charging air In the hollow space of the external 
electrode]: and impressing high frequency on the exter- 
nal electrode after raw gas is supplied into the container 
accommodated in the hollow space of the external elec- 
trode. 

In the above apparatus for and method of manufac- 
turing a plastic container coated with cartx)n film, the 
plastic container is inserted and accommodated in the 
external electrode. The internal electrode is Inserted 
into the container. After the mouth of the container is 
abutted on the insulating member to be located in an 
appropriate position in the external electrode, the exter- 
nal electrode is tightly closed. In this situation, the dis- 
tance between the inner surface of the external 
electrode and the outer surface of the container is main- 
tained approximately even, and, the distance between 
the inner surface of the container and the outer surface 
of the internal electrode is also maintained approxi- 
mately even. 

Thereafter, air in the external electrode is dis- 
charged by the discharging means so that the inside of 
the external electrode becomes vacuum. At this 
moment, the air in the external space between the outer 
surface of the container and the inner surface of the 
external electrode as well as the air in the internal space 
of the container are discharged through the grooves 
formed on the Insulating member so that the both 
spaces become vacuum. 

Then, raw gas is fed by the feeding means to be 
blown off through blowing openings into the internal 
space in a state of vacuum. 

After the raw gas is fed, electric power is supplied 
from the high frequency electric source to the external 
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electrode. The supply of electric power generates 
plasma between the external electrode and the internal 
electrode. At this time, the internal electrode is earthed. 
However, since the external electrode is insulated by 
the Insulating member, negative self-bias is generated 5 
on the external electrode, so that carbon film is formed 
uniformly on the inner surface of the container along the 
external electrode. 

According to above manufacturing apparatus and 
method, the container coated with carbon film can be 10 
produced continuously, at a tow cost, for a short time, 
and without waste of energy. Furthermore, the carbon 
film can be formed only on the inner surface of the con- 
tainer. 

The carbon film can be formed uniformly on the i5 
inner surface of the container by forming the internal 
electrode so as to be approximately similar to the shape 
of the inner surface of the container. 

The raw gas is blown off evenly from the center por- 
tion of the container by forming blowing openings on the 20 
internal electrode, and, furthennore, diffusion of the raw 
gas is enhanced by forming a plurality of blowing open- 
ings. 

The formation of the grooves on the insulating 
member serves to make the space vacuum between the 25 
inner surface of the external electrode and the outer 
surface of the container whereby the temperature is 
suppressed to rise upon generating the plasma. In case 
thaf a container manufactured by this invention is a bot- 
tle for beverages, the container can be used as a return- 30 
able container in place of a conventional glass 
container. 

In the above method of manufacturing the container 
coated with carbon film, it is preferable that raw gas is 
supplied into the container accommodated in the space 35 
of the external electrode, immediately after the air in the 
external space between the outer surfece of the con- 
tainer and the inner surface of the external electrode is 
discharged, whereby the pressure in the external space 
of the container is lowered slightly later than the pres- 40 
sure in the internal space. Accordingly, the pressure in 
the external space becomes slightly higher than that in 
the internal space. When the raw gas is supplied into 
the container immediately after the discharge of air, the 
raw gas blown off into the internal space does not get 45 
into the external space. 

Furthermore, it is preferable that plasma treatment 
is performed by inorganic gas before the plastic con- 
tainer is coated with carbon film. This activates the inner 
surface of the container to enhance adhesion between so 
the coated carbon film and the plastic material of the 
container. 

It is desirable that degree of vacuum falls within a 
range of 1 0"^ to 1 0'^ torr. This makes short the discharg- 
ing time for a vacuum and saves necessary energy ss 
therefor. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinally sectional view showing an 
embodiment of a manufacturing apparatus for man- 
ufacturing a plastic container coated with carbon 
film according to this invention; 
FIG. 2 is a partially enlarged sectional view of the 
above embodiment; 

FIG. 3 is a plan view of an insulating plate of the 
above embodiment; 

FIG. 4 is a longitudinally sectional view showing an 
emlxxliment of a plastic container coated with car- 
tx>n film according to this invention; 
FIG. 5 is a table showing conditions for forming 
hard carbon film; 

FIG. 6 is a table showing results evaluating thick- 
ness of film and the like of hard carbon film formed 
under the conditions shown in FIG. 5; 
FIG. 7 is a table showing results evaluating oxygen 
permeability and the like of the hard carkx>n film 
formed under the conditions shown in FIG. 5; 
FIG. 8 is a graph showing transmitted light spec- 
trum in the ultraviolet and visible region of the plas- 
tic container with the hard cart>on film formed 
thereon under the conditions shown in FIG. 5; 
FIG. 9 is a graph showing Raman spectrum of the 
hard carbon film formed under the conditions 
shown in FIG. 5; 

FIG. 10 is a table showing other conditions for form- 
ing the hard carbon film; 

FIG. 1 1 is a table showing results evaluating thick- 
ness and the like of hard carbon film formed under 
the conditions shown in FIG. 10; 
FIG. 12 is a table showing results evaluating oxy- 
gen permeability and the like of the hard cartx)n film 
under the conditions shown in FIG. 10; 
FIG. 13 is a table showing further other conditions 
for forming the hard cartx>n film; 
FIG. 14 is a table showing results evaluating thick- 
ness and the like of the hard carbon film formed 
under the conditions shown in FIG. 13; 
FIG. 15 is a table showing results evaluating per- 
meability and the like of the hard carbon film formed 
under the conditions shown in FIG. 13; and 
FIG. 16 is a longitudinally sectional view showing a 
prior art. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the irWention is explained with ref- 
erence to drawings. 

FIG. 1 shows a manufacturing apparatus for manu- 
facturing a plastic container coated with carbon film 
according to the invention. The manufacturing appara- 
tus has a ceramic insulating plate 1 1 fixed on a base 10, 
on which insulating plate an external electrode 12 is 
mounted. The external electrode 12 itself serves at the 
same time as a vacuum chamber for forming a DLC film, 
inside of which external electrode a space is formed for 
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accommodating a container 20 to be coated. The space 
formed in the external electrode 12 is- slightly larger than 
the container 20 accommoiated therein. In this embod- 
iment, the container 20 is a bottle for beverage, how- 
ever, the container may be used for other objects. 

The external electrode 12 comprises a main body 
12A and a cover 12B provided detachably on the main 
body 12A so as to tightly close the interior of the main 
body 12 A. A high frequency power source 14 is con- 
nected to the lower portion of the external electrode 12 
through a matching device 13 and connecting members 
30, 30 provided on the base 10. Furthermore, a dis- 
charging pipe 15 is communicated as shown in FIG. 1 
with the space formed in the external electrode 1 2 so as 
to discharge air in the space by a vacuum pump not 
shown. 

An internal electrode 1 6 is inserted into the space 
of the external electrode 1 2 so as to be disposed at the 
center portion of the space. The discharging pipe 1 5 ter- 
minates at the upper surface of the base 10 so as to be 
opened to a circular space 1 1 B formed at the center 
portion of the insulating plate 1 1 . The internal electrode 
16 is so formed that the electrode 16 can be inserted 
into the container 20 through the mouth 20A of the con- 
tainer 20, and the external shape of the internal elec- 
trode 16 is approximately similar figures to the internal 
shape of the container 20. It is preferable that the dis- 
tance between the external electrode 12 and the inter- 
nal electrode 16 is kept approximately even at every 
position of the container 20 within the range of 10 - 150 
mm. 

A feed pipe 1 7 for feeding raw gas is connected with 
the internal electrode 16. A raw gas is fed through a gas 
flow rate controller (not shown) from the feed pipe 1 7 for 
feeding raw gas into the internal electrode 16. The raw 
gas thus fed into the internal electrode 1 6 blows off from 
a plurality of blowing openings 16A formed on the inter- 
nal electrode 16. A plurality of blowing openings are 
preferably formed on the side portion of the internal 
electrode 16 as shown in FIG. 1 in order to evenly dif- 
fuse the blown raw gas. However, in case that the raw 
gas is evenly diffused immediately after being blown off 
from the internal electrode 16, one blowing opening 
may be formed on the top of the internal electrode 16. 
The internal electrode 16 is earthed through the feed 
pipe 17 for the raw gas. 

The insulating plate 1 1 comprises a short cylindri- 
cal bo6y having an outer circumferential surface and an 
inner drcumferential surface, and has a plurality of 
grooves 11A (four grooves in this embodiment) as 
enlargedly shown in FIGs. 2 and 3. Each of the grooves 
1 1 A is disposed at an angular interval of 90 ^ and the 
bottom surface of each groove 11 A is slanted down- 
wardly from an abutting point P (FIG. 2) to the inner cir- 
cumferential surface of the insulating plate 1 1 . at which 
atHJtting point an inner circumferential surface of the 
external electrode 12 is abutted on the insulating plate 
11. As shown in FIG. 2. an external space 21 A formed 
between the inner surface of the external electrode 12 



and the outer surface of the container 20 is communi- 
cated with the discharging pipe 15 through the grooves 
11A in a state wherein the container 20 is accommo- 
dated in the external electrode 12 with the mouth 20 A of 

5 the container 20 abutted against the insulating plate 1 1 . 
Then, a method for forming a DLC film by the above 
manufacturing apparatus is explained. 

The plastic container 20 is inserted from the upper 
opening of the main body 12A into the external elec- 

10 trode 12 with the cover 12B detached from the main 
body 12 A. At this time, the intemal electrode 16 is 
inserted into the container 20 through the mouth 20A of 
the container 20. Then, the mouth 20A is abutted 
against the insulating plate 1 1 in such manner that the 

75 plastic container 20 is placed in an appropriate position 
in the external electrode 12, and the cover 12B then 
closes the upper opening of the main body 1 2A so that 
the external electrode 12 is tightly sealed. At this time, 
the distance between the inner surface of the external 

20 electrode 1 2 and the outer surface of the container 20 is 
maintained approximately even while the distance 
between the inner surface of the container 20 and the 
outer surface of the internal electrode 1 6 is maintained 
approximately even. 

25 Thereafter, air in the external electrode 12 is dis- 
charged through the discharging pipe 15 by a vacuum 
punnp so that the inside of the external electrode 12 
becomes vacuum. More specifically, the internal space 
21 B as well as the external space 21 A between the 

30 outer surface of the container 20 and the inner surface 
of the external electrode 12 becomes vacuum by means 
of the grooves 11A formed in the insulating plate 11. 
This is because unless the external space 21 A is vac- 
uum, the temperature in the external space 21 A 

35 becomes remarkably high upon generating plasma, 
thus affecting the plastic material of the container 20. 

The degree of vacuum is preferably within a range 
from 10'^ to 10'^ torr. With a lower degree of vacuum of 
over 10"^ torr. impurities in the container are much 

40 increased, on the other hand, with a higher degree of 
vacuum under 10"^ torr. a long time and a large energy 
are needed to discharge the air In the container 20. 

Then, the raw gas as carbon resource is supplied to 
the feed pipe 1 7 through the gas flow rate controller not 

45 shown in the drawing, and then thus supplied raw gas is 
blown off through the blow openings 16A into the inter- 
nal space 21 B in the state of vacuum between the outer 
surface of the internal electrode 16 and the inner sur- 
face of the container 20. The flow rate of the raw gas is 

50 preferably within a range from 1 to 1 00 ml/min, by which 
flow rate of the raw gas the pressure in the internal 
space 21 B is adjusted within the range from 0.5 to 0.001 
torr. 

Since the air in the external space 21 A is dis- 
ss charged through the grooves 1 1 A. the pressure in the 
external space 21 A becomes lower slightiy later than 
the pressure in the internal space 21 B becomes lower. 
Therefore, when the discharge of the air is just started, 
the pressure in the external space 21 A is slightly higher 
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than the pressure in the internal space 21 B. Accord- 
ingly» in the case that the supply of the raw gas get 
started immediately after the discharge of the air in the 
container is over, the raw gas blown into the internal 
space 21 B does not get into the external space 21 A. 

Aliphatic hydrocarbons, aromatic hydrocarbons, 
oxygen containing hydrocarbons, nitrogen containing 
hydrocarbons, etc.. in gaseous or liquid state at a room 
temperature are used as the raw gas. Especially, ben- 
zene, toluene, o-xylene, m-xylene, p-xylene and 
cyclohexane each having six or more than six carbons 
are preferable. These raw gases may be used per se. 
however, mixture of two or more than two kinds of raw 
gases may be used. Furthermore, these gases may be 
used in the state of dilution with inert gas such as argon 
and helium. 

After the supply of the raw gas into the container, 
electric power is impressed to the external electrode 1 2, 
via the matching device 13, from the high frequency 
electric source 14. The impression of the electric power 
generates plasma between the external electrode 12 
and internal electrode 16. At this moment, the internal 
electrode 16 is earthed, however, the external electrode 
12 is insulated by the insulating plate 11. Therefore, 
negative self-bias is generated at the external electrode 
12. This causes a DLC film to be uniformly formed on 
the inner surface of the container 20. 

More specifically, the formation of the DLC film on 
the inner surface of the container 20 Is performed by 
means of an improved plasma CVD method. In case 
that a low temperature plasma is used in the plasma 
CVD method, the temperature upon forming the DLC 
film can be set relatively low. Therefore, the low temper- 
ature plasma is suitable in case that an article having a 
low thermal resistance such as plastic is used as a sub- 
strate, and furthermore, the low temperature plasma 
enables the DLC film to be formed on a wide area at a 
relatively low cost. 

The low temperature plasma is a plasma in the non- 
equilibrium state in which electron temperature is high 
in the plasma and temperatures of Ion and neutral mol- 
ecule are remarkably low in conrparison with the tem- 
perature of the electron In case that the interior of the 
reaction chamber is maintained at a low pressure. 

When the plasma is generated between the exter- 
nal electrode 12 and the Internal electrode 16, electrons 
are accumulated on the inner surface of the insulated 
external electrode 12 to electrify negatively the external 
electrode 12, namely, to generate negative self-bias on 
the external electrode 12. At the external electrode 12, 
a voltage drop occurs at a range from 500 to 1,000V 
because of the accumulated electrons. At this time, car- 
bon dioxide as the carbon resource exists in the plasma, 
and positively ionized carbon resource gas Is selectively 
collided with the inner surface of the container 20 which 
is disposed along the external electrode 12. and. then. 
cartx3ns close to each other are bonded together 
thereby to form hard carbon film comprising remarkably 
dense DLC film on the Inner surface of the container 20. 



The hard carbon film of the DLC film is also called as i- 
carbon film or hydrogenated amorphous carbon film (a- 
C:H) and is an amorphous carbon film including mainly 
SP^ bond. 

5 The thickness of DLC film Is varied by an output of 

high frequency, a pressure of the raw gas in the con- 
tainer 20, a gas flow rate for feeding, period of time dur- 
ing which plasma is generated, self-bias and kind of raw 
material and the like However, the thickness of DLC film 

10 is preferably within a range from 0.05 to 5 |Jim to obtain 
the effective suppression of the sorption of the low 
molecular organic compound and the improved gas bar- 
rier property, in addition to an excellent adhesion to 
plastic, a good durability and a good transparency. 

75 Quality of the DLC film is varied by output of the high 
frequency, the pressure of the raw gas in the container 
20, the gas flow rate, the period of time during which 
plasma is generated, the self-bias and the kind of raw 
material in the same manner. Increase of the output of 

20 high frequency, decrease of the pressure of the raw gas 
in the container 20, decrease of the flow rate of the sup- 
plied gas. increase of the self-bias, decrease of the car- 
bon number of the raw material and the like cause 
hardening of the DLC film, increase of the density 

25 thereof, inaease of the compressive stress thereof and 
increase of the fragility thereof. Therefore, in order to 
obtain the maximum sorption suppressing effect to low 
molecular organic compound and the maximum gas 
barrier effect while maintaining an excellent adhesion 

30 and durability, it is preferable that the output of high fre- 
quency is set within a range from 50 to 1 ,000 W, the 
pressure of raw gas in the container 20 is set within a 
range from 0.2 to 0.01 ton-, the flow rate of supplied gas 
is set within a range from 10 to 50 ml/mi n. the self -bias 

35 is set within a range from -200 to -1 ,000V, and the car- 
bon number is set within a range from 1 to 8. 

In order to enhance adhesion between the DLC film 
and the plastic material, the Inner surface of the con- 
tainer 20 may be activated by plasma treatment with 

40 inorganic gas such as argon and oxygen before DLC 
film Is formed. 

FIG. 4 shows a longitudinal section of plastic con- 
tainer on which the DLC film is formed in the above 
manner. In FIG. 4, numeral numbers 20a and 20b show 

45 a plastic material and a DLC film formed on the inner 
surfece of the plastic material 20a. respectively. In this 
manner, the plastic container whose inner surface is 
coated with the DLC film 20b can remarkably decrease 
permeability of low molecular inorganic gas such as 

50 oxygen ^"..'^ carbon dioxide, and simultaneously can 
complete* t uppress the sorption of various low molec- 
ular organic compounds having odor. Formation of the 
DLC film does not deteriorate transparency of the plas- 
tic container. 

55 The following resins are used as plastic materials 
for containers 20: polyetfiylene resin, polypropylene 
resin, polystyrene resin, cycloolefine copolymer resin, 
polyethylene terephthalate resin, polyethylene naphtha- 
late resin, ethylene-(vinyl alcohol) copolymer resin. 
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poly-4-methy!perrtene-1 resin, poly (methyl methacr- 
ylate) resin, acrylonrtrile resin, polyvinyl chloride resin, 
polyvinylidene chloride resin, styrene-acrylo nitrile 
resin, acrylonitrile-butadien-styrene resin, polyamide 
resin, potyamideimide resin, polyacetal resin, polycar- 
bonate resin, polybutylene terephthalate resin, ionomer 
resin, polysutfone resin, polytetra fluoroethylene resin 
and the like. 

With respect to the container coated with carbon 
film manufactured by the above manufacturing appara- 
tus and method. (1) Thickness of DLC film, (2) Density 
of PLC film, (3) Adhesion 1. (4) Adhesion 2. (5) Alkali 
resistance. (6) Carbon dioxide gas barrier property, (7) 
Oxygen gas barrier property and (8) Sorption of low 
molecular organic compound (aroma component) were 
evaluated in the following manners. The results were as 
follows: 

(1) Thickness of DLC film 

Masking was previously made by Magic Marker 
(trade mark) on the inner surface of the container, and 
the DLC film was then formed. Thereafter, the masking 
was removed by diethyl ether, and thickness of the DLC 
film was rrieasured by a surface shape measuring 
device (DECTACK 3) made by Vecco Company. 

(2) Density of DLC film 

Difference in weight between containers without the 
DLC film and with the DLC film was measured, and the 
density of DLC film was calculated with the use of the 
thickness of the DLC film obtained in item (1). 

(3) Adhesion 1 

Adhesion of the DLC film formed on the side sur- 
face of the container was measured in accordance with 
cross-cut tape test (JIS K 5400) under the following con- 
ditions. 

1. Distance between scratches: 1 mm 

2. Number of checkers (lattices): 100 

(4) Adhesion 2 

Adhesion of the DLC film formed on the side sur- 
face of the container was measured by a continuously 
weighting type scratch tester (HEIDON 22) made by 
SHINTO KAGAKU company under the following condi- 
tions. Degree of adhesion was indicated by normal load 
exerted on a scratching needle when the film was 
started to be peeled off. 

1. Materia] and shape of the scratching needle: dia- 
mond, 50 |iR 

2. Rate of loading: lOOg/min 

3. Table speed: 1,000 mm/min 



(5) Alkali resistance 

Alkali solution including sodium hydroxide of 10 
wt% was filled into the container which was then 

5 immersed in a water bath at a temperature of 75 ^'C for 
24 hours. Then, change of shape of the DLC film and 
existence of peeling of the DLC film were investigated. 
"Excellence" in the table shows that shape of DLC film 
was not changed and peeling thereof did not occur after 

10 the immersion for over 24 hours. 

(6) Carbon dioxide barrier property 

Volume of carbon dioxide permeating the DLC film 
15 was measured by a PERMA TRANC - 4 type machine 
made by MODERN CONTROL Company at a tempera- 
ture of 25**C- 

(7) Oxygen gas barrier property 

20 

Volume of oxygen permeating the DLC film was 
measured by an OXTRANTWIN machine made by 
MODERN CONTROL Company at a temperature of 
40»C. 

25 

(8) Sorption of low molecular organic compound (aroma 
component) 

Low molecular organic compound (aroma compo- 
se nent) having odor was used as a kind of environmental 
material to test the sorption with reference to a method 
by MATSUI et al. (J. Agri. Food. Chem.. 1992. 40, 1902 
- 1905) In the following manner. 

35 1. Model-flavor solution was prepared In such a 
manner that each aroma component (n-octane, n- 
octanal, n-octanol. ethyl hexanoate, and d- 
limonene) of 100 ppm was added to sugar ester 
solution to obtain 0.3% sugar ester solution. 

40 2. The model flavor solution of 700 ml was poured 
Into the container, the container was left at a tem- 
perature of 20 "C for one month after the mouth of 
the container was closed with the cover. 

3. One month later, the model flavor solution was 
45 removed from the container to dry the interior of the 

container after the interior thereof was washed with 
distilled water of GO^'C. 

4. Diethyl ether was poured into the container to 
extract aroma component sorbed in the container. 

50 5. The diethyl ether was taken out of the container 
to dehydrate the diethyl ether by adding sodium sul- 
furic anhydride thereto. 

6. Quantitative analysis was performed by the gas 
chromatography in which amylbenzene was used 
55 as internal standard. In case that solution including 
aroma component of 1 ppm exists in the container, 
amount of the aroma component sorbed in the con- 
tainer is indicated by ^g. Therefore, urdt is 
jig^pm/bottle. 
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[Test 1] 

A plastic container having a volume of 700 ml and 
made of polyethylene terephthalate resin (PET resin, 
Type L125 made by MITSUI PET RESIN COMPANY 
LIMITED) was accommodated in the external electrode 
12 as shovi/n in FIG. 1 to be fixed thereto. 

Then, the vacuum pump was operated to make the 
inside of the external electrode 12 vacuum (back pres- 
sure) of lower than 10'"* torr. and, thereafter, for prelimi- 
nary treatment, argon was supplied into the plastic 
container at a flow rate of 30 ml/min to obtain a pressure 
of 0.04 torr in the container, and Rf power of 300W was 
supplied to perform plasma treatment on the inner sur- 
face of the container. Thereafter, raw gas such as tolu- 
ene, cyclohexane, benzene or p-xylene was supplied 
into the interior of the container with using argon as aux- 
iliary gas to uniformly form the DLC film on the inner 
surface of the container under the conditions shown in 
FIG. 5. 

Result of Test 

FIG. 6 shows the results of the evaluation with 
respect to thickness of film, film forming velocity, density 
of film, adhesion 1 of film, adhesion 2 of film and alkali 
resistance of film. The density of each film exceeded 
2.00 g/cm^, and the formed film was remarkably dense. 

According to the cross-cut test, the adhesion to pol- 
yethylene terephthalate resin was good, and it was ver- 
ified that the container was sufficient to be of practical 
use. Furthermore, it was found that alkali resistance 
was good, and the DLC film was stable enough to com- 
pletely protect the polyethylene terephthalate resin. 

The results of oxygen permeability, carbon dioxide 
permeability and degree of the sorption of each aroma 
component are shown in FIG. 7. Dense DLC film com- 
pletely suppressed the sorption of aroma component, 
and simultaneously, effectively suppressed permeation 
of oxygen and cartx)n dioxide. 

In addition. FIG. 8 shows the transmitted light spec- 
trum in ultraviolet and visible region at the barrel portion 
of the plastic container, the inner surface of which was 
coated with the DLC film. 

Light transmittance rate was abruptly decreased in 
a region from approximately 500 nm of wave length to 
the ultraviolet region. This suggests that the coating 
with the use of the DLC film is effective enough to sup- 
press the deterioration of contents by ultraviolet. 

FIG. 9 shows Raman spectrum of the thin film 
formed on the barrel portion of the plastic container 
under the conditions of Test 1 . 



shi Monsant Kasei Company: PAN resin, type L700) 
was used. The conditions for forming the DLC film are 
shown in FIG. 10, In the same manner as Test 1. tests 
were performed in connection with the DLC film, 
5 namely, thickness, density, adhesion 1. adhesion 2, 
alkali resistance, carbon dioxide ban-ier property, oxy- 
gen gas barrier property and sorption of low molecular 
organic compound. 



The results of the test in connection with the DLC 
film, namely, thickness of film, film forming velocity, den- 
sity of film, adhesion 1 of film, adhesion 2 of film and 

15 alkali resistance of film were shown in FIG. 1 1 , The 
thickness of the film and the density thereof were good 
in the same way as Test 1. It was found that the adhe- 
sions 1 and 2 were good in the same way as Test 1 and 
the adhesion between the DLC film and the styrene- 

20 acrylonitrile copolymer was of practical use in the same 
way as that between DLC film and polyethylene tereph- 
thalate resin. 

FIG. 12 shows oxygen permeability, carbon dioxide 
permeability and degree of sorption of each aroma 

25 component. More specifically, it was found that stylene- 
acrylonitrile copolymer resin was inherently excellent in 
gas barrier property, and further, the permeating 
amount of each of oxygen and carbon dioxide with 
respect to stylene-acrylonitrile copolymer resin was 

30 remarkably decreased to an extremely lower level by 
the formation of the DLC film. Amount of the sorption of 
each aroma component was smaller than the detecta- 
ble limit, and there was no problem in sensory test in the 
same way as Test 1 . 

35 

[Tests] 

The DLC film was formed on the inner surface of 
the container in the same manner as Test 1 except that 
40 a plastic container having a volume of 700 ml made of 
cycloolef ine copolymer resin (made by MITSUI PETRO- 
CHEMICAL COMPANY LIMITED: COC resin, type APL 
601 5) was used. The conditions for forming the DLC film 
are shown in FIG. 13. In the same manner as Test 1. 
45 tests were performed in connection with the DLC film, 
namely, thickness of film, density of film, adhesion 1 of 
film, adhesion 2 of film, alkali resistance of film. cartx>n 
dioxide barrier property of film, oxygen gas barrier prop- 
erty of film and sorption of film to low molecular organic 
50 compound. 

Result of Test 



10 Result of Test 



45 



[Test 2] 

The DLC film was formed on the inner surface of 
the container in the same manner as Test 1 except that 
a plastic container, having a volume of 700 ml made of 
styrene-acrylonitrile copolymer resin (made by Mitsubi- 



The results of each test in connection with the DLC 
55 film, namely, thickness of film, film forming velocity, den- 
sity of film, adhesion 1 of film, adhesion 2 of film, alkali 
resistance of film are shown in FIG. 14. In the same 
manner as Tests 1 and 2. there was no problem with 
respect to all testing items, and, in particular, the adhe- 
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sion between the DLC film and the plastic container was 
remarkably excellent. 

FIG. 15 shows results of the oxygen permeability of 
the DLC fiim, the carbon dioxide permeability thereof 
and the sorption of each aroma component. Cycloole- s 
fine copolymer resin has comparatively large oxygen 
permeability, carbon dioxide permeability and sorption 
of aroma conrponents because it is define type resin. 
However, it was found that the formation of the DLC film 
on the container could considerably suppress the oxy- io 
gen permeability, the carbon dioxide permeability and 
the sorption of aroma components. 

INDUSTRIAL APPLICABILITY 

15 

The apparatus and the method for manufacturing a 
plastic container coated with cartDon film of the invention 
can be used for manufacturing a returnable container 
such as a bottle for beer, sake as well as beverage. 

20 

Claims 

1. An apparatus for manufacturing a plastic container 
coated with carbon film, which comprises: 

25 

an external electrode having a hollow space 
approximately similar to an external shape of 
the container which is accommodated in the 
hollow space; 

an insulating member for insulating the exter- 30 
nal electrode, a mouth of the container abutting 
against the Insulating member when the con- 
tainer is accommodated in the hollow space of 
the external electrode: 

an internal electrode inserted through the ss 
mouth of the container into the container 
accommodated In the hollow space of the 
external electrode, the internal electrode being 
earthed: 

discharging means communicated with the hoi- 40 
low space of the external electrode to dis- 
charge air In the hollow space; 
feeding means for feeding raw gas into the con- 
tainer accommodated in the hollow space of 
the external electrode; and 4s 
a high frequency electric source connected to 
the external electrode. 

2. An apparatus according to claim 1, wherein the 
internal electrode has an external shape approxi- so 
mately similar to a shape of an inner surface of the 
container accommodated in the hollow space of the 
external electrode. 

3. An apparatus according to claim 1. wherein the ss 
internal electrode has at least one blowing opening 

for blowing raw gas fed by the feeding means into 
the container accommodated In the hollow space in 
the external electrode. 



4, An apparatus according to claim 3, wherein a plu- 
rality of the blowing openings are formed on the 
internal electrode. 

5. An apparatus according to claim 1, wherein the 
insulating member has at least one groove to com- 
municate a space formed between an inner surface 
of the external electrode and an outer surface of the 
container with an interior of the container when the 
mouth of the container accommodated in the hollow 
space of the external electrode abuts against the 
insulating member. 

6. An apparatus according to claim 1, wherein the 
container is a bottle for beverages. 

7, A method of manufacturing a plastic container 
coated with carbon film, which comprises: 

providing, in an external electrode, a hollow 
space approximately similar to an external 
shape of a container, in which hollow space the 
container is accommodated; 
insulating the external electrode by an insulat- 
ing member on which a mouth of the container 
abuts; 

Inserting an internal electrode through the 
mouth of the container into the container 
accommodated In the hollow space, the inter- 
nal electrode being earthed; 
discharging air in the hollow space of the exter- 
nal electrode; and 

impressing high frequency on the external 
electrode after raw gas is supplied Into the con- 
tainer accommodated in the hollow space of 
the external electrode. 

8- A method according to claim 7, wherein the con- 
tainer is a bottle for beverages. 

9. A method according to daim 7, wherein a distance 
between an inner surface of the external electrode 
and an outer surface of the container accommo- 
dated in the external electrode and a distance 
between the inner surface of the container and an 
outer surface of the internal electrode are main- 
tained approximately even. 

10. A method according to claim 7, wherein at least one 
groove is formed on the insulating member, and air 
In an external space between an outer surface of 
the container and an Inner sur^ce of the external 
electrode is discharged through the groove as well 
as air in an internal space of the container being 
discharged. 

11. A method according to claim 10, wherein raw gas Is 
supplied into the container accommodated in the 
hollow space immediately after air in the external 
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space between an outer surface of the container 
and an inner surface of the external *electrode is dis- 
charged. 

12. A method according to claim 7. wherein a plasma 5 
treatment is performed by an inorganic gas before 
the plastic container is coated with the carbon film. 

1 3. A method according to claim 7, wherein a degree of 
vacuum made by discharging air in the hollow io 
space of the external electrode is within a range of 
lOT^to 10-® ton-. 
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FIG. 2 
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